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病 HDAC6 和 HDAC9 表达所起到的作用。 
本实验从动物模型水平（KM 小鼠心脏组织）和离体细胞水平（H9C2 心肌细
胞系）分别研究甲状腺激素对 HDAC6 和 HDAC9 的影响，以及不同饱和度心磷
脂及心磷脂抑制剂对 HDAC6 和 HDAC9 的影响。并在此基础上通过 H9c2 细胞
来探讨，心磷脂在甲状腺激素作用下对 HDAC6 和 HDAC9 表达所起到的作用。 
（1）HDAC9 结果，结果显示：KM 小鼠腹腔注射 T4 实验心肌细胞中 HDAC9
蛋白表达量和基因表达量均增加。在离体实验中，给大鼠心肌细胞加入甲状腺激
素以后，从给药 1小时开始到给药 48小时通过蛋白质印迹技术可以看到，在 12h
以内 HDAC9 的蛋白表达量均比空白对照组高，且蛋白表达量不断减少，在 24 小
时以后 HDAC9 的蛋白表达量才明显低于空白对照组。我们的研究发现 CL18:2，
CL18:1 和 CL14:0 能使 H9C2 细胞 HDAC9 蛋白表达量升高，随着给药时间的延长
不同饱和度的心磷脂变化程度不同。CL14:0 对心肌细胞中 HDAC9 蛋白的表达量

















中的 HDAC6 的蛋白表达量明显低于空白对照组，对其基因进行 RT-PCR 分析可以









表明，CL18:1对 HDAC6 影响的幅度最大。通过以上的试验可以看出 T4和
CL18:1 密切相关，基本上保持同增同减。这表明 T4很有可能是通过 CL18:1来
影响或者作用于 HDAC6的。 
综合以上实验结果，关于 HDAC9：（1）T4 促进 HDAC9 的表达，且心磷
脂在其中有重要的作用；（2）不同饱和度的心磷脂对 HDAC9 的促进作用程度
不同，CL14:0 的促进作用最显著；（3）加入心磷脂抑制剂后，HDAC9 的表达

























  Hyperthyroidism is a common metabolic disorder，the morbidity of 
hyperthyroidism in man is lower than woman. Hyperthyroid heart disease 
is a common and serious complication for hyperthyroidism. It is one of 
the most important causes of death in patients with hyperthyroidism, 
directly endanger the lives and health of patients. Recent evidences 
of our group indicate that hyperthyroidism significantly affects the 
cardiolipin expression . Our previous relevant experiments also show 
that cardiolipin plays a key role in the pathway of hyperthyroid heart 
disease. HDAC9 directly controls the growth of the heart, and plays an 
important role in maintaining the normal function of heart. HDAC6 is 
closely related to the cardiac disorders. 
   In this study, the effects of thyroid hormones on HDAC6 and HDAC9 
were studied at different levels of body tissue (KM mouse heart tissue) 
and cells (H9C2 cardiomyocyte), respectively. The effects of different 
saturation cardiolipin and cardiolipin inhibitors on HDAC6 and HDAC9 
is researched. And on this basis, we explore cardiolipin how to 
influence HDAC6 and HDAC9 expression with thyroid hormone. 
Our experimental results show that intraperitoneal injection T4 KM 
mice of HDAC9 protein’s expression and genes’ expression increase. 
After the addition of thyroid hormones to H9C2 cells, the protein 
expression of HDAC9 was reduced from 1 hour after administration to 48 
hours of administration, and after 12 hours it was higher than the 
blank control and then 24 hours after HDAC9 protein expression was 
significantly lower than the control group. Our study show that CL18: 
2, CL18: 1 and CL14: 0 could increase the expression of HDAC9 protein 













different with the prolongation of administration time. The expression 
of HDAC9 protein in cardiomyocytes decreased with the prolongation of 
administration time with CL14: 0.The expression of HDAC9 protein in 
H9C2 cells did not change with time with CL18: 2, CL18: 1,all the  
group showed it increased. The results of this group indicate that the 
degree of saturation of cardiolipin may affect the expression of HDAC9 
protein . After adding the cardiolipin inhibitor ,the expression of 
HDAC9 protein was significantly reduced, with the addition of T4 can 
only be restored to close to the level of blank control. 
Our experimental results show that intraperitoneal injection T4 KM 
mice of HDAC6 protein’s expression and genes’ expression decrease. 
After the addition of thyroid hormones to H9C2 cells, the protein 
expression of HDAC6 was reduced from 1 hour after administration to 48 
hours of administration. Our study show that CL18: 2, CL18: 1 and CL14: 
0 could decrease the expression of HDAC6 protein in H9C2 cells, and 
different concentrations of cardiolipin were different with the 
prolongation of administration time. The expression of HDAC6 protein 
in cardiomyocytes decreased with the prolongation of administration 
time with CL14: 0. The expression of HDAC6 protein in H9C2 cells did 
not change with time with CL18: 2, CL18: 1, all the  group showed it 
increased. The results of this group indicate that the degree of 
saturation of cardiolipin may affect the expression of HDAC6 protein . 
After adding the cardiolipin inhibitor ,the expression of HDAC6 protein 
was significantly reduced, with the addition of T4 can only be restored 
to close to the level of blank control. 
As a conclusion of our research: (1) T4 increases the expression 
of HDAC9 and plays an important role in the phospholipid; (2) The 
effect of different saturation of cardiolipin on HDAC9 is different, 













expression of HDAC9 was down-regulated after adding the cardiolipin 
inhibitor, and the expression of HDAC9 was up-regulated after T4 
addition, but only close to the blank control phase. 
Our study show that (1) T4 inhibited the expression of HDAC6, and 
cardiolipin plays an important role; (2) different saturation of 
cardiolipin on HDAC6 inhibitory effect has different degrees, CL18:1 
has significant influence on the expression of HDAC6(3) The expression 
of HDAC6 was significantly down-regulated after adding the cardiolipin 
inhibitor, and the expression of HDAC6 was up-regulated after T4 
addition, but only close to the blank control phase. 


















第一章 前   言 
1.1 甲亢 














上所见消失[6]。国内学者提出的标准是: ( 1) 确诊甲亢; ( 2) 具备下列至少 1
























性心力衰竭（Congestive heart failure）[9-12]。 
甲状腺激素包括四碘甲状腺氨酸（甲状腺素，T4）和三碘甲状腺氨酸
（T3），甲状腺激素是在促甲状腺激素（TSH）的作用下由甲状腺分泌的，甲状




非常敏感，在甲减模型大鼠，加入 5μg/kg 的 T3在 30分钟内就可以看到心肌











































端 B型利钠肽(NT-Pro-BNP)蛋白表达低于正常人, T4和 T3分别相互独立的和
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 4 
达, 从而影响心脏收缩和舒张功能, 还直接作用于周围血管平滑肌, 改变左心
室和动脉的偶联[38-40]。 Danzi S等发现组蛋白是 T3调整心脏 MHC-α转录的辅
助因子之一。Watanabe H 等发现甲亢鼠的钙通道蛋白α1-c亚基 mRNA 的表达
比甲状腺功能的正常鼠要低, 比索洛尔能够减少甲状腺激素介导α1-c亚基
mRNA的表达[41]。鼠心室肌细胞通过甲状腺激素激活 L-钙通道腺嘌呤核苷酸环化
酶, 在钙通道的蛋白基因表达减少时增加 L-钙的流量[42]。Abe A等在研究大鼠
心脏、脑对甲状腺激素的反应时发现 T3 能够特异地作用于大鼠心肌激动相关
的钾离子通道 Kv1.4 基因蛋白的 mRNA，使其明显减少[43, 44]。 
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